This study aims at modelling the daily concentrations of nonylphenolic compounds such as 4-nonylphenol 11 (4-NP), nonylphenol monoethoxylate (NP 1 EO) and nonylphenoxy acetic acid (NP 1 EC) within the Seine River 12 downstream of Paris City over a year, firstly in the present state (year 2010) and for years 2050 and 2100 in 13 order to assess the consequences of global change on the fate of nonylphenolic compounds in the Seine river. by reducing WWTP outflows. 28
Introduction
1 Climate change at the scale of Europe is expected to increase the frequency of extreme events such as dry 2 periods or storms (Christensen et al., 2007) . These extreme events have significant influence on river flow rates 3 such as long low-water periods or river flooding (Habets et al., 2013) . In addition to climate change, population 4 growth and economic development of urbanized area are forecasted by the 21 st century (De Biasi, 2010) . 5
Combining both aspects suggest that the European cities will likely put a higher pressure on receiving surface 6 water during the 21 st century than at the end of 20 th century. 7
Global change on European river basins may lead to a disruption of the biogeochemical status of river as already 8 predicted for nitrogen and phosphorus concentrations (Andersen et al., 2006; Hadjikakou et al., 2011; Wilson 9 and Weng, 2011) . Despite the significant concern no study deals with the modelling of the global change 10 influence on endocrine disruptor concentrations in surface water. Among the endocrine disruptors, nonylphenol 11
ethoxylates NPnEO and especially 4-nonylphenol (4-NP) hold an important place due to their widespread 12 presence all over the world (Ahel et al., 1994; Vethaak et al., 2005; Bergé et al., 2012) and their proved toxicity. 13 4-NP mainly originates from the biodegradation of non-ionic surfactants nonylphenol polyethoxylate (NPnEO) 14 through anaerobic (John and White, 1998) or aerobic (Jonkers et al., 2001) processes. NPnEO are used in a large 15 range of domestic and industrial detergents, as emulsifier or wetting agents with a world annual consumption of 16 500,000 tons in 2000 (Ying et al., 2002) . The fate of NPnEO in the environment is a important issue since their 17 biodegradation products (nonylphenol monoethoxylate -NP 1 EO -nonylphenol acetic acid -NP 1 EC -and 4-NP) 18 are recognized as being more toxic and estrogenic than the longer NPnEO (Soto et al., 1991) . Jugan et al., 19 (2009) The occurrence and fate of endocrine disrupting compounds such as 4-NP in river water are of concern for 25 aquatic wildlife as well as regarding the capacity of European cities to provide safe drinkable freshwater to their 26 residents. Therefore decision makers need reliable information to select the most efficient solutions to reach or 27 maintain the good ecological status of water bodies as defined by the Water Framework Directive, in the 28 As previously explained in the companion paper (Cladière et al., 2014) , the nonylphenol polyethoxylate 5 biodegradation scheme (Giger et al., 2009 ) and two sampling campaigns are used to determine biodegradation 6 parameters. The attenuation rate constants K 1 , K 1 ' and K 2 represent the biotransformation of NP 1 EO and NP 1 EC 7 into their products (NP 1 EC or NP) while K 3 represents the global disappearance of 4-NP from the dissolved 8 phase and takes into account biodegradation, volatilisation and sorption onto particles without possibility to 9 differentiate the processes (Cladière et al. 2014) . Jonkers et al. (2005) reported for NP 1 EO and NP 1 EC that their 10 concentrations are relatively insensitive toward sorption. Based on this result and considering the fact that we 11 focused on dissolved concentration as Jonkers et al. (2005) , we decide to neglect sorption onto particles for 12 NP 1 EO and NP 1 EC. In addition, the water-air exchange for nonylphenolic compounds (NP 1 EO and NP 1 EC) has 13 been considered as insignificant due to very low Henry's constants (e. The efficiency of an annual simulation is evaluated by calculation of the Nash-Sutcliffe coefficient (Nash and 5 Sutcliffe, 1970) 
Equation 1
Where: 7 NS is the Nash-Sutcliffe efficiency coefficient 8 C°M es is the measured concentration 9 C°S im is the simulated concentration 10 C°A vg is the average value of measured concentrations 11
The NS can range from -∞ to 1. A positive NS coefficient means that the model gives more accurate prediction 12 than the average value of measured concentrations. The higher the value, the better the model. Commonly, a 13 model could be considered as accurate if NS is higher than 0.4 (Nash and Sutcliffe, 1970) . The NS for the estimated boundary conditions are exhibited in Table 2 . 6 influence concentrations of the upstream part of river basins (commonly used for agriculture) as well as urban 1 discharges. Given the impossibility of currently modelling the impacts of consumption decrease of 2 nonylphenolic compounds on the upstream part of the Seine River basin, their consumption is considered as 3 constant during the 21 st century and this study will focus on the impacts of climate change, growth of the 4 Parisian population and wastewater treatment optimisation. 5
Climate projections from CMIP3 (Coupled Model Intercomparison Project Phase 3) over Europe presents 6 important variability (Christensen et al., 2007) . In order to limit the number of simulations, two of these climate 7 projections downscaled by a weather typing approach (Boé et al., 2009) , which give contrasted results on the 8 Seine River flow rate (Habets et al., 2013) , are used. They are the ARP_CONT_A1B (ARP) and 9 MPI_ECHAM5_A1B (MPI) and use the SRES-A1B gas emission scenario for the 21 st century (Randall et al., 10 2007) . ARP projects important decrease of rainfall by 2050 (-13.7 %) and 2100 (-21.8 %) while MPI projects 11 less pronounced decrease (2050: +0.1 % and 2100: -6.9 %). Both models are in accordance with increases of 12 potential evaporation and air temperature by 2050 and 2100 (supplementary data, Table S2 ). 13
The impacts of climate change on Seine and Oise River flows are estimated by the hydrogeological model 14 MODCOU in the framework of the REXHYSS project (Habets et al., 2013) 2090 -2100 are shown in Fig. S4 (supplementary data) . (Cladière et al., 2013b) . 24
All scenarios considered, are summarised in the order to test the robustness of both biodegradation sets (July and September). 7
The simulation using the September biodegradation parameters are displayed in Fig.5 while simulations using 8 the July biodegradation parameters are shown in Fig. S5 (supplementary data) . With July parameters, the 9 simulated concentrations are far lower than the measured concentrations, likely due to the high attenuation rate 10 constants (about 1 d -1 ), and the seasonal cycle of concentrations is not reproduced (Fig. S5) . The negative values 11 of NS (Table 5 ) confirm the inefficiency of these parameters to simulate concentrations at the annual scale and 12 reinforce the hypothesis of the disruption of the biogeochemical status of the Seine River in July 2011 (Cladière 13 et al., 2014) . The NS determined for this simulation range from 0.44 for NP 1 EC to 0.61 for NP 1 EO ( Table 5 ) and suggest that 7 the model, using September biodegradation parameters is efficient to predict annual concentrations in the Seine 8 River at Meulan. 9
Moreover, the 4-NP AA-EQS (300 ng/L) is never exceeded in the Seine River at Meulan downstream of all 10 urban discharges. This observation likely results from the low concentrations in SA-WWTP effluent (133 ng/L) 11 and the biodegradation occurring within the Seine River. 12
This modelling approach has, however, three possibility of improvement for modelling of daily concentrations of 13 nonylphenolic compounds. First, this study focuses on dry weather conditions which represent the most 14 important part of the year but cause punctual underestimations of NP 1 EO concentrations at Bougival and 15
Meulan. Indeed, combined sewer overflows may constitute significant alkylphenol inputs into the Seine River 16 during wet weather conditions (Cladière et al., 2013b) . Second, SA-WWTP effluent is assumed to remain 17 constant all over the year which is not entirely representative since variabilities of concentrations are observed 18 from a campaign to another. Finally, the biodegradation parameters remain constant in the model over the year, 19 while the water temperature variability between summer and winter (± 10°C) may affect the biodegradation 20 constant rates (Manzano et al., 1999) . Moreover, the results between July and September 2011 highlight 21 discrepancies according to the biogeochemical status of the Seine River (Cladière et al., 2014) . However, despite 22 these deficiencies, the current simulations are satisfying to predict the annual concentrations of 4-NP, NP 1 EC 23 and NP 1 EO in the Seine River. Therefore, in the context of the parsimony of our approach, these deficiencies are 24 not determining for modelling the daily concentrations of nonylphenolic compounds in the Seine River and 25 could be neglected. (Fig. 6) . NP 1 EO concentrations are not discuss because of their significant variability (± 37 %) pointed out 3 in (Cladière et al., 2014) . In addition, the increase of air temperature by 2050 (+ 2 K) or 2100 (+ 3 K) (probably 4 lower for water temperature) is not considered since the variability intra-annual in 2010 (± 10 K) seems not 5 influence the modelling of the fate of nonylphenolic compounds in the Seine River. 6
The forecasted concentrations for the middle of the 21 st century are compared with the ones of 2010 hereafter. 7
Dry year 8
As underscored by the scenario ARP_base_2050 and MPI_base_2050 during one dry year (Fig. 6) , the long low-9 water period has a significant influence on NP 1 EC concentrations and to a lesser extent on 4-NP concentrations. st April). However, the wet weather urban sources, which may play a significant role during a wet year, are 2 not taken into account in this forecast. The concentrations of nonylphenolic compounds predicted during the 3 river flooding are, therefore, likely underestimated. This has to be confirmed or contradicted by further studies. 4
At last, the optimisation of SA-WWTP has a smaller influence during a wet year than a dry year (Fig.6) , mainly 5 explained by effluent dilution factor during a wet year (about 37) against a dry year (about 11). 6
Forecasted concentrations in the late 21
st century (2090 -2100) 7 4-NP and NP 1 EC concentrations at Meulan are simulated for one dry or wet year in the decade 2090 -2100 8 (Fig. 7) . 9
Dry year 10
The observations are similar to 2050 but the trends are reinforced especially at the end of autumn (November). 
Conclusions
A global project of modelling the fate of nonylphenolic compounds in river water was launched in 2010 with the objectives to determine in-situ attenuation rate constants and to apply them to simulate their annual behaviour for present and upcoming years (Cladière et al., (2014) and this paper).
In pursuit of the first part paper, this study aimed at testing the biodegradation parameters and at using them to forecast the fate of nonylphenolic compounds in the Seine River in the middle and the late 21 st century.
In a first step, the modelling of annual concentrations of 4-NP, NP 1 EC and NP 1 EO at Meulan in the Seine River reveals that the biodegradation parameters calibrated in September 2011 have been validated for the year 2010
and can be used to forecast the fate of nonylphenolic compounds in the middle and the late 21 st century.
For the first time, this study provides relevant results on the fate of micropollutants in river water with regard to global change. In this study, climate change, the growth of the Parisian population and the optimisation of Seine Aval wastewater treatment plant for the middle (2050) and the late (2100) 21 st century were considered.
The first forecasts by 2050 and 2100 underscore the key impact of low-water periods on NP 1 EC and 4-NP concentrations downstream of Paris City. These longer and more pronounced low water periods (according to the climate change projections ARP_CONT_A1B and MPI_ ECHAM5_A1B) combined with the growth of the Parisian population, could lead to significant concentration increases in autumn. Wastewater treatment optimisation (currently in progress for SA-WWTP) appears to be an efficient solution to limit the impacts of population growth and low-water periods by 2050 and to a lesser extent by 2100.
Although the assessed changes are the most important expected on the Seine River basin, the parsimony of our approach leads to disregard others significant factors such as evolution of nonylphenolic compound consumption or the intra-annual variability of concentrations because of the scarcity of reliable information. In addition, all annual simulations are performed under dry weather conditions and do not considered the wet weather urban sources. Thus, the concentrations forecasted for the 21 st century could be punctually underestimated since combined sewer overflows and urban runoff are significant sources of nonylphenolic compounds in the Seine River during storm events, as previously demonstrated for 2010 by Cladière et al., (2013b) .
Ultimately, the two parts of this study highlight that the coupling between analytical chemistry, biogeochemical modelling is, despite its limits, a key tool to understand and forecast the fate of nonylphenolic compounds in surface waters and the influence of global change. This study gives the first guidelines and considerations for forecasting the fate of pollutants in surface water during the 21 st century. Therefore, this kind of approach could be applied to other pollutants such as priority pollutants (European Commission, 2000) or emerging pollutants.
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